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Abstract approved: 
Responses of juvenile steelhead trout to changes in stream habitat resulting from 
an instream habitat rehabilitation project in Meadow Creek, Oregon were measured from 
1991 through 1992 and compared to pre-treatment data from 1987 through 1990. Sixty 
nine pool-forming, and 59 channel-stabilizing log structures were constructed by the U.S. 
Forest Service in a 3.7 km reach in 1990. A 20-year flood caused extensive 
modifications to the instream structures in May 1991. Pool habitat and large wood 
volume increased in the treatment and the two reference reaches but pool development 
was greater in the treatment reach compared to the two reference reaches. 
Summer rearing densities of juvenile steelhead were similar for the treatment and 
the two reference reaches at the reach scale. Summer rearing densities were lower in the 
post-treatment period compared to the pre-treatment period for the treatment and two 
reference reaches. Mean density of juvenile steelhead was higher in complex pools 
compared to non-complex pools throughout the study area. Mean density of juvenile 
steelhead was higher in pools associated with large wood from washed-out structures 
compared to pools associated with intact structures in the treatment reach. 
Changes in smolt production from the treatment reach following the rehabilitation 
project could not be determined due to trapping difficulties. Only three percent of the 
smolts emigrating from the basin overwintered in the treatment reach in 1992. Four life 
Redacted for Privacyhistory patterns of juvenile steelhead were identified. Only one of the four life history 
patterns rears in the Meadow Creek basin until smolting. 
From these findings I conclude that the instream habitat rehabilitation project did 
not increase the abundance of juvenile steelhead or smolt production during the first two 
years after treatment. An extended drought and a 20-year flood may have been the 
dominant factors controlling abundance of juvenile steelhead over the study period. The 
Meadow Creek rehabilitation project may have limited success at increasing smolt 
production because it influences only one of four life history patterns of juvenile 
steelhead during the entire freshwater rearing phase. C Copyright by Alan Christopher Miller
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CHAPTER 1: OVERVIEW 
Introduction 
Nehlsen et al. (1991) identified 214 stocks of anadromous salmonids (Oncorhyncus 
spp.) in Oregon, Washington, Idaho, and California that were in need of special 
management considerations because of low or declining population numbers. Of the 214 
stocks, modification to rearing habitat and migration corridors were listed as a 
contributing factors in the decline of 91% of the stocks. Additional contributing factors 
were overharvesting, and other natural and manmade factors such as poor ocean survival 
conditions and interactions with hatchery fish. Land management practices such as 
timber harvesting (Hicks et al. 1991), livestock grazing (Platts 1991), and mining (Nelson 
et al. 1991) have resulted in the loss of stream habitat complexity across the Pacific 
Northwest. 
Summer habitat characteristics for lotic salmonid populations vary across the Pacific 
Northwest. Habitat characteristics differ because of stream morphology, species 
adaptations, and interspecific interactions. However, salmonid densities are normally 
higher in areas with high channel complexity and high amounts of cover compared to 
areas with little complexity and cover (Boussu 1954, Hartman 1965, Fausch and 
Northcote 1992). Habitat complexity and cover are more critical for older age classes of 
juvenile salmonids than for fry (Bisson et al. 1982, Bisson and Sedell 1984, Dolloff 1986, 2 
Elliot 1986). Yet, complexity of lateral edge habitat is also an important determinant of 
salmonid fry density (Moore and Gregory 1988). 
Reductions in fish abundance caused by to habitat simplification are not limited to 
salmonids. Abundance of warmwater fishes in the Midwest declines as habitat 
complexity decreases (Angermeier and Karr 1984, Schlosser 1987). However, changes in 
abundance of a species also is related to degree of specialization of habitat use and 
interspecific competition (Pflieger and Grace 1987). Abundance of habitat generalists 
may increase as habitat is simplified. 
Restoration of anadromous salmonid habitat in the Pacific Northwest has traditionally 
focused on increasing channel complexity by manipulating instream habitat. Habitat is 
normally modified at the local hydraulic scale (e.g., placement of boulders in riffles or 
placement of large wood in existing pools) or the channel-unit scale (e.g., creation of 
pools). Evaluation studies have typically been short-term case studies that lacked 
replication and statistical controls (Reeves et al. 1991b). 
The stream restoration study on Meadow Creek, Oregon, was established as a 
long-term case study to determine the response of juvenile steelhead trout (0. mykiss)to 
instream habitat manipulation (Everest and Boehne 1988). The study began in 1987 and 
ended in 1995. 
This thesis is separated into two analysis chapters and a synthesis chapter. 
Chapter 2 is an analysis of changes in summer habitat and the response of juvenile 
steelhead trout following the completion of the instream habitat rehabilitation project. 3 
Chapter 3 is an analysis of changes in smolt production following the completion of the 
instream habitat rehabilitation project. Chapter 4 is a synthesis of information presented 
in Chapters 2 and 3. 
Physiographic Setting 
Meadow Creek is a third-order tributary of the Grande Ronde River (based on 
USGS 7.5 minute topographic quadrangle maps). The Meadow Creek watershed drains 
an area of 469 km2 within the Blue Mountains of northeastern Oregon (Figure 1.1). 
Basin topography is dominated by broad rolling uplands separated by moderately deep 
canyon drainages; typical of the northern Blue Mountains (Skovlin et al. 1968). 
Elevations range from 1,568 m in the headwaters to 1,002 m at the mouth. The 
underlying geology is primarily uplifted basalt and soils are basaltic loams (Strickler 
1965). 
Annual precipitation averages 63.5 cm in the lower elevations to 76 cm in the higher 
elevations of the Meadow Creek basin (Taylor 1993). The majority of precipitation 
occurs in the fall, winter and spring months with two-thirds falling as snow during winter 
(Ganskopp 1978). 
Drought conditions are not uncommon to northeast Oregon. The Grande Ronde basin 
experienced two extended droughts from the 1920's through the early 1980's, occurring 
from 1928 through 1941 and 1959 through 1964 with calculated return intervals of 4 
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Figure 1.1 Location of Meadow Creek study area in the upper Grande Ronde River Basin 
of northeastern Oregon. 5 
greater than 25 years (Hubbard 1991). A third drought began in 1987 with a calculated 
return interval of 10 to 25 years (Hubbard 1991). This latest drought ended in the winter 
of 1992-93. 
Meadow Creek experiences annual extremes in both flow and water temperature. 
Maximum flows can reach 11.3 cms (400 cfs) during spring snowmelt, and minimum 
flows can drop to 0.014 cms (0.5 cfs) during late summer within the Starkey 
Experimental Forest and Range (SEFR) (USGS stream gaging station 13318060, 
drainage area: 124.3 km2, period of record: 1977 to 1979). Water temperatures can reach 
27° C during the summer and drop to 0° C for extended periods during winter months. 
Meadow Creek is normally iced over in most areas of the basin during winter 
months. Major ice flows occur on average once every 20 to 30 years on the upper Grande 
Ronde River (Filip et al. 1989). Timing of major ice flows is similar for Meadow Creek, 
with the last major ice flow occurring in the spring of 1984 (Larry Bryant, PNW Research 
Station, La Grande, OR, pers. comm.). 
Bryce and Clarke (1996) identified four ecoregions within the Meadow Creek 
basin (Figure 1.2). Open forest and Starkey grassland ecoregions predominate within the 
basin. Forested stands consist primarily of ponderosa pine (Pinus ponderosa) and 
ponderosa pine mixed with Douglas fir (Psuedotsuga menziesii) (Skovlin 1991). 
Lodgepole pine (Pinus contorta) and grand fir (Abies lasiocarpa) stands are also present 
at higher elevations. Western larch (Larix occidentalis) is interspersed throughout 
forested stands. Riparian plant communities consist of wet and dry meadows interspersed 0  10 
I I  I 
KM 
Basalt Mesic Forest Zone 
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Range River Bottoms 
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Figure 1.2 Ecoregions of Meadow Creek basin. Adapted from Bryce and Clarke (1996). 
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with forested stands. Shrubs and trees are largely absent from large portions of the 
riparian zone throughout the basin. 
Ichthiofauna 
Meadow Creek contains 13 native species of fish, a diverse fauna for a stream in 
this region. Summer steelhead trout spawn and rear within the watershed. Grande Ronde 
summer steelhead are classified as part of the Snake River "A" run (Hooten et al. 1995). 
The majority of A-run steelhead trout migrate over Lower Granite Dam from August 
through December and spawn in tributary streams the following spring (Carmichael et al. 
1990). Resident rainbow trout (0. mykiss) are also present within the watershed. 
Spring chinook salmon (0. tswawytscha) were present in the basin until the early 
1940's. Chinook salmon apparently spawned throughout Meadow Creek, including 
McCoy Creek, Dark Canyon Creek, and Waucup Creek in the 1920's and 1930's (Bob 
Cash, Union, OR, pers. comm.). Juvenile chinook salmon were noted in Dark Canyon 
Creek, a small tributary near the mouth of Meadow Creek, during the summer of 1959 by 
the Oregon Fish Commission (Thompson and Haas 1960). Small numbers of chinook 
salmon smolts have been captured in USFS smolt traps located in the lower basin 
( Boehne 1996). These fish are thought to be migrants from the Grande Ronde River 
(Everest and Boehne 1989). 
Adult mountain whitefish (Prosopium williamsoni) have been captured during 
smolt trapping in lower Meadow Creek during spring months (PNW Research Station, 8 
Corvallis, OR, unpublished data). No juvenile mountain whitefish have been found 
during summer fish population surveys (PNW Research Station, Corvallis, OR, 
unpublished data). 
Non-salmonid species distributed throughout Meadow Creek are redside shiner 
(Richardsonius balteatus), speckled dace (Rhinichthys osculus), longnose dace (R. 
cataractae), leopard dace (R. fakatus), juvenile chiselmouth chub (Acrocheilus 
alutaceus), juvenile bridgelip sucker (Catostomus columbianus), and juvenile northern 
squawfish (Ptychocheilus oregonensis). Paiute sculpin (Cottus beldingi), torrent sculpin 
(C. rhotheus) and mottled sculpin (C. bairdi) are also found in Meadow Creek but their 
distribution patterns are unknown. 
Adult chiselmouth chub, northern squawfish and bridgelip sucker migrate into 
Meadow Creek and spawn in late spring. Adults are present occasionally in the basin 
during early summer months. An unidentified bullhead species (Ameiurus sp.) is thought 
to spawn in Meadow Creek below McIntyre road (Mark Chambers, PNW Research 
Station, Corvallis, OR, pers. comm.). 
Land-use History 
Skov lin (1991) described the history of the Meadow Creek basin, and the 
following text briefly summarizes his description of land use. The Cayuse Indians 
traditionally used the area for harvesting camas roots and steelhead trout during the 9 
spring months and spring chinook salmon in the fall months. Domestic livestock grazing 
in the basin began when horses were acquired by the Cayuse Indians in the early 1700's. 
The first non-Indian settlers arrived in the area in the early 1860's. Ranchers 
developed a west to east cattle trail through the basin by the mid-1870's and used McCoy 
Meadow as a holding area for their herds. The trail was used to move cattle to markets in 
Idaho, Montana, and Wyoming. In addition to the resident and transient cattle herds, 
large numbers of sheep and horses were also grazed in the area. In 1890 a range war 
erupted between resident cattle owners and itinerant sheep herders due to overgrazing in 
the area. 
Commercial harvest of timber resources began in the early 1890's. Timber 
companies railed logs down Meadow Creek and the Grande Ronde River to mills in the 
La Grande area. A system of splash dams was constructed throughout the upper Grande 
Ronde basin around 1900 to facilitate log drives (Farrell 1979). Three splash dams were 
constructed in the Meadow Creek basin (Farnell 1979, Skovlin 1991). Two were 
constructed on Meadow Creek itself, one near the mouth, and a second within the present 
boundaries of the SEFR; a third dam was constructed on Dark Canyon Creek. Remaining 
stumps indicate that early logging concentrated on large ponderosa pine and western larch 
within the riparian area and on adjacent hillsides. 
By the early 1930's, a logging railroad system replaced stream transportation of 
logs. The railroad system was constructed along Meadow Creek and up most side 
drainages. The main track followed Meadow Creek to the confluence of Bear Creek and 10 
then continued up Bear Creek. A spur line continued up Meadow Creek and ended a 0.8 
km above Ray Creek. Remains of the old railroad beds are still present and continue to 
influence watershed processes today. Railroad transportation of logs was discontinued in 
1955 and replaced by trucking when State Highway 244 was completed. 
Instream Habitat rehabilitation Project 
USFS personnel from the La Grande Ranger District constructed 69 pool-forming 
log structures, 59 channel-stabilizing log structures and 11 ice racks within a 3.7 km long 
reach following the 1990 summer habitat survey. Most structures spanned the active 
channel. Majority of pool-forming structures were upstream "V's" with pools excavated 
on the downstream side of the structures. Complex pool habitat was created by placing 
small whole trees and smaller woody debris in natural and constructed pools. Channel-
stabilizing structures were positioned to reduce erosion of cut banks. Ice racks were 
designed to dam up ice to prevent the formation of large ice flows through the treatment 
reach (Anderson 1990). In addition, approximately 850 pieces of loose or lightly-secured 
large wood were placed along the banks and within the active channel. The treatment 
was both intensive and extensive with essentially the entire length of the treatment reach 
influenced by large wood inputs. 
Domestic livestock were excluded from the floodplain and hillsides adjacent to 
the treatment reach during the post-treatment phase. However, cattle grazed the lower 
half of the treatment reach in the summer of 1991 due to fencing problems. One isolated 11 
incident of cattle grazing occurred in the summer of 1992. 
An estimated 20-year flood event occurred on May 19, 1991. This estimate was 
based upon streamflow data for Camas Creek, an adjacent basin with a USGS stream 
gage, and Harris and Hubbard's (1983) flood magnitude and frequency calculations. 
During the flood, extensive damage to the structures occurred and much of the loose large 
wood was redistributed. Large accumulations of washed-out structures and loose large 
wood formed on the ice racks. A small number of wood pieces from the treatment reach 
were deposited below the treatment reach upstream of Starkey bridge. Much of the loose 
large wood that had been placed in preexisting pools during the treatment was washed 
out; returning many of these pools to pre-treatment conditions. 12 
CHAPTER 2: RESPONSE OF JUVENILE STEELHEAD TROUT TO CHANGES IN
 
SUMMER HABITAT 
Introduction 
Land management practices such as timber harvest (Hicks et al. 1991), livestock 
grazing (Platts 1991), mining (Nelson et al. 1991), and agriculture (NRC 1996) have 
resulted in a loss of stream habitat complexity and heterogeneity throughout the Pacific 
Northwest. Stream habitat complexity and heterogeneity creates refugia for fish during 
floods (Shirvell 1990, Pearsons et al. 1992a), summer low flows (Bilby and Bisson 1987, 
Shirvell 1990), and harsh winter conditions (i.e., low water temperatures coupled with 
elevated stream flows) (Bustard and Narver 1975, Heifetz et al. 1986). Reduction in 
stream habitat complexity and heterogeneity results in a reduction in fish species 
diversity (Angermeir and Karr 1984, Reeves et al. 1993), diversity in age classes 
(Murphy et al. 1986, Fausch and Northcote 1992), and overall abundance of fish (Hicks 
et al. 1991). 
In response to wide-scale stream habitat degradation on National Forest lands in 
the Pacific Northwest, the USFS began an ambitious stream habitat rehabilitation 
program in the mid-1980's. In Oregon 77% of the stream rehabilitation projects 
implemented from 1985 to 1990 involved the USFS (Andrus 1991). The majority of 
USFS projects relied on instream structures to increase channel heterogeneity and 
complexity (Andrus 1991). By increasing channel complexity it was assumed that 13 
rearing densities of juvenile salmonids would increase. Yet few of these projects were 
formally evaluated for their effectiveness at increasing channel complexity or rearing 
densities of juvenile salmonids (Reeves et al. 1991b). 
The Meadow Creek rehabilitation project was developed to evaluate the 
effectiveness of instream structures at restoring channel complexity and heterogeneity, 
increasing rearing densities and smolt production of juvenile steelhead trout. Preliminary 
data analysis of pretreatment conditions suggested that the lack of complex pool habitat 
and high summer water temperatures were limiting the production of juvenile steelhead 
trout. Instream structures and loose large wood were placed in the channel to address the 
lack of complex pool habitat. Cattle grazing along the treatment reach was discontinued 
to allow riparian vegetation to recover and thus reduce water temperatures. 
Pre-treatment data collection began in 1987 and continued to 1990. The habitat 
rehabilitation project was implemented in July of 1990 and was completed in October of 
the same year. Post-treatment data collection begin in 1991 and ended in 1995. This 
chapter is an analysis of pre-treatment conditions from 1987 to 1990 and initial post­
treatment conditions from 1991 to 1992. 
Objectives 
My objectives were stratified at the reach and channel unit scales to determine the 
initial effectiveness of the instream structures and loose large wood at increasing the 
channel complexity and heterogeneity, and rearing densities of juvenile steelhead trout. 14 
Large wood was used as a measure of channel complexity and pool habitat was used as a
 
measure of channel heterogeneity.
 
Reach Scale:
 
1) Compare changes in channel complexity and heterogeneity following the 
construction of instream structures and placement of large wood in the stream 
channel. 
2) Compare changes in abundance of juvenile steelhead trout related to changes in 
stream habitat following the construction of instream structures and placement of 
large wood in the stream channel. 
Channel Unit Scale: 
1) Determine persistence and performance of instream structures. 
2) Compare abundance of juvenile steelhead trout in pools associated with instream 
structures to natural pools in the treatment reach. 
Study Sites 
The study area extended over approximately 30 km of Meadow Creek from the 
confluence with the Grande Ronde River upstream to the USFS 21 road crossing (Figure 
2.1). Fourteen km of stream were located on private land, and 13 km were located on 
National Forest land. Eleven of the 13 km on National Forest land were within the 
SEFR. 15 
The study area was divided into six reaches based on valley geomorphic features. 
Reaches were delineated based on channel constraint by adjacent hillslopes (Gregory et 
al. 1991). Unconstrained reaches occur where valley floor width is greater than two times 
the channel width. Constrained reaches occur where valley floor width is less than two 
channel widths. 
Reach 1 extended from the confluence with the Grande Ronde River upstream to 
the bottom of a large meadow locally known as McCoy Meadow (Figure 2.1). Reach 1 is 
a constrained reach with a stream channel length of 2 km and an overall slope of 0.57%. 
This reach is mainly private land with a small parcel of Bureau of Land Management land 
present. Livestock have free access to much of the stream margin. 
Reach 2 was comprised of McCoy Meadow upstream to McIntyre Road (Figure 
2.1). This reach is unconstrained with a channel length of 2 km and an overall slope of 
0.66%. This area was fenced by Oregon Department of Fish and Wildlife (ODFW) in 
1988 to exclude livestock grazing along the stream margin. 
Reach 3, the lower reference reach, extended from McIntyre Road upstream to the 
lower boundary of the treatment reach; approximately 1.2 km above Starkey Bridge 
(Figure 2.1). Reach 3 is of intermediate constraint with a channel length of 14 km and an 
overall slope of 0.94%. The majority of this reach is privately owned with the upper 
portion located within the SEFR. Reach 3 has a mixture of riparian exclusion and 
livestock access to the stream margin. 16 
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Figure 2.1 Summer habitat study reaches on Meadow Creek, Oregon, from 1987 through 
1992. 17 
Reach 4 was the instream habitat treatment reach (Figure 2.1). Reach 4 is of 
intermediate constraint with a channel length of 3.7 km and an overall slope of 1.02%. 
This reach is located entirely within the SEFR. Livestock had free access to the stream 
margin prior to 1991. 
Reach 5, the upper reference reach, extended from the upper boundary of the 
Reach 4 to the top of the Narrows (Figure 2.1). Reach 5 is a constrained reach with a 
channel length of 3.8 km and an overall slope of 1.15%. This reach is located entirely 
within the SEFR. Livestock have free access to the stream margin in Reach 5. 
Reach 6 extended from the Narrows upstream to the USFS 21 road crossing 
(Figure 2.1). Reach 6 lies within a wet-meadow complex. Reach 6 is unconstrained with 
a channel length of 4 km and an overall slope of 0.96%. The lower 2 km are located in 
the SEFR. Reach 6 has a mixture of livestock exclusion and access to the stream margin. 
The area upstream of Smith Creek is not currently an active grazing allotment, however, 
some grazing by domestic sheep was noted during my study. 
Summer rearing habitat and juvenile steelhead trout abundance data were collected 
for all six reaches in the study area. For clarity, results only from the treatment reach 
(Reach 4) and the two reference reaches (Reaches 3 and 5) will be presented and 
discussed in the main body of this thesis. Results for Reaches 1, 2, and 6 will be used to 
add a basin context where useful. Complete results for Reaches 1, 2, and 6 are presented 
in appendix tables. 18 
Methods 
Summer Habitat 
Stream habitat surveys were conducted each June from 1987 through 1992. 
Habitat surveys followed the framework of Hankin and Reeves (1988) for estimating 
stream habitat area. Stream habitat was stratified into pool, glide, riffle and side channel 
units (Bisson et al. 1982). A habitat unit was defined as having a wetted length greater 
than or equal to wetted width. Data for side channels were not used for this analysis 
because side channels were generally dry by mid-July. 
In 1992, the amount of complex pool habitat present within each reach was 
estimated. Pools were classified as complex or non-complex. The distinction was 
qualitative and subjective in nature. Large wood (number of pieces, volume, and spatial 
arrangement) within the wetted channel of pools was the main criteria for determining 
pool complexity. Presence of boulders, undercut banks and other physical features that 
create hiding, holding, and feeding habitat within channel units also were used in 
classifying pool complexity. 
Wetted length, wetted width, active channel width (1990 through 1992) and mean 
depth were visually estimated for each habitat unit. Estimated habitat unit dimensions 
were corrected for observer bias by measuring a systematic sub-sample of each habitat 
type (Hankin and Reeves 1988). Maximum depth of pools was measured in all pool units 
with a meter stick. 19 
The non-replicated design of this study did not allow for rigorous statistical 
analysis. The treatment was not replicated and observations between years were not 
independent. Observations between the treatment reach and reference reaches were not 
independent due to the longitudinal layout of the study design. These factors precluded 
using repeated measures analysis to test for statistical significance of differences between 
the pre- and post-treatment periods (Hurlbert 1984). 
Pieces of large wood within the active channel were counted in each habitat unit. 
Large wood was classified as being greater or equal to 2 m in length and greater or equal 
to 0.10 m in average diameter. Length and diameter of each piece were visually 
estimated. In 1989 through 1992, a sub-sample of pieces was measured with a tape 
measure to correct visual estimates for observer bias in a manner similar to the method 
used for habitat data. Volume ( V ) of each piece was calculated using the equation: 
2 
[ di2 al?? V = l  x length 
Volume of large wood per reach was calculated by summing the individual piece 
volumes by reach. 
Large wood was categorized as single pieces, small accumulations (2 to 4 pieces) 
and large accumulations (>4 pieces). Volume of very large accumulations was estimated 
by visually estimating the length, width, and height of the accumulation. 20 
Adult Escapement 
No direct measures of adult steelhead trout escapement into the Meadow Creek 
basin were available to estimate seeding during my study. I developed an index of adult 
escapement based on adult steelhead trout counts at Lower Granite Dam; the last dam 
which adult steelhead trout spawning in Meadow Creek must pass. An escapement index 
for a spawning year (brood year) was calculated by summing the number of adults 
passing over Lower Granite Dam from August through December of the prior year (run 
year). 
I did not attempt to differentiate between hatchery and wild steelhead trout when 
calculating the escapement index. The upper Grande Ronde run is composed 
predominantly of hatchery steelhead trout (Jeff Zakel, ODFW, La Grande, OR, personal 
communication). Hatchery steelhead trout also have been observed spawning in Meadow 
Creek with wild steelhead trout (personal observation). 
Juvenile Steelhead Trout Abundance 
Reach Scale Abundance 
A systematic sub-sample of pools, glides and riffles was selected for fish 
population estimates (Hankin 1986). Sampling frequencies varied among years (Table 
A.2). Electroshocking was used to sample habitat units because poor underwater 21 
visibility prevented direct observation by divers. Reaches 3, 4, 5, and 6 were sampled 
each year of the study. Reaches 1 and 2 were sampled only in 1992. 
Block nets were placed at the top and bottom of the unit to be sampled. 
Population estimates were made for each sampled unit by using the multiple pass removal 
method (Zippin 1958). One pass consisted of one upstream and downstream sweep of a 
unit. A minimum of two passes of equal effort (i.e., all areas of the unit were sampled) 
was made within each unit. Electroshocking continued until a 75% reduction in the 
number of steelhead trout parr captured between two consecutive passes was achieved. 
Captured fish were anesthetized with MS-222, identified, measured to the nearest 
millimeter (fork length) and weighed to the nearest 0.1 gram. Fish were released back 
into the unit after electroshocking was completed. 
Juvenile steelhead trout data for each unit were analyzed using a multiple pass 
program developed by Nancy Scott (PNW Research Station, Corvallis, OR). This 
program calculates a maximum likelihood estimate of population size based on Zippin 
(1958). Estimates of juvenile steelhead trout were expanded to the reach scale using 
equations from Hankin (1986). 
Prior to 1991, data for Reaches 3, 4, and 5 were pooled for analysis due to the low 
number of units sampled in Reaches 4 and 5 (Table A.2). Post-treatment data for 
Reaches 3 and 5 (reference reaches) also were pooled due to the low numbers of units 
sampled. Reach 4 (treatment reach) data were analyzed separately because of expected 
response differences associated with the treatment. By pooling data, I made the 22 
assumption pre-treatment trends were similar for Reaches 3, 4, and 5 and post-treatment 
trends were similar for Reaches 3 and 5. 
Abundance of steelhead trout fry (age class 0+) was not estimated because they 
were still emerging at the time of population surveys during most years of the study 
(Everest and Boehm 1989; Dave Price, PNW Research Station, Corvallis, OR, pers. 
comm.). 
Response to Habitat Complexity 
Sub-samples of selected complex and non-complex pools were sampled in 1990 
through 1992 to determine if densities of steelhead trout parr were correlated to habitat 
complexity in the basin. Criteria for complex and non-complex pools were the same as 
described for 1992 habitat surveys. In 1992, complex and non-complex pool samples 
were supplemented with pools from the basin population sub-sample that fit either the 
complex or non-complex criteria. One-way ANOVA (a = 0.05) was used to test for 
statistical differences between complex and non-complex pools by year. 
Samples of pool habitat created by the treatment and naturally occurring pools 
(reference pools) were sampled in 1991 to test for differences in steelhead trout parr 
densities in Reach 4. Treatment and reference pool samples included a full range of 
habitat complexities. One-way ANOVA (a = 0.05) was used to test for statistical 
differences. 23 
Preliminary analysis of the 1991 complex/non-complex and treatment/reference 
pool comparisons suggested a difference between steelhead trout parr densities in pools 
associated with intact structures and those associated with post-flood accumulations of 
large wood. To investigate these differences in 1992, complex pools were sampled that 
were associated with intact structures, and complex pools associated with post-flood 
accumulations of introduced wood in the treatment reach. An additional group of 
complex pools associated with accumulations of natural wood were sampled in the 
reference reaches (Reaches 3 and 5). The most complex pools of each type were sampled. 
Differences in mean densities of steelhead trout parr were tested by one-way ANOVA (a 
= 0.05). 
Persistence of Instream Habitat Structures 
Instream structures were surveyed to monitor their persistence during the study 
period. Position of each structure was mapped and the type of structure noted following 
construction in October 1990. Structures were resurveyed in 1991 after the spring-melt 
runoff and the May flood, and in 1992 during the late summer. Structures were classified 
according to the following criteria: 
1. Fully functional: In place, intact, and no undercutting. Pool habitat unit associated 
with pool forming structures. 
2. In place/Functional: In place, undercutting present or structure partially intact. 
Pool habitat unit associated with pool forming structures. 24 
3. In place/Impaired: In place, undercutting present and partially intact. Pool sub­
unit associated with pool forming structures. 
4. In place/Not functional: In place. No pool habitat associated with pool forming 
structures. 
5. Washed Out: Structure completely washed away. 
Results 
Summer Habitat 
Pool Habitat 
Pool habitat in the treatment reach was greater in the post-treatment period compared 
to pre-treatment levels. Number of pools increased from a pre-treatment mean of 4.0 
pools/km (range 3.2-5.4) to 13.8/km (range 13.2-14.5) (Figure 2.2). Percentage of pool 
area increased from a pre-treatment mean of 6.5% (range 5-7) to 30.5% (range 29-32) 
(Figure 2.3). 
Pool habitat in the reference reaches increased to a lesser extent compared to the 
treatment reach. Number of pools in Reach 3 increased from a pre-treatment mean of 
4.7/km (range 3.9-6.2) to a mean of 6.6/km (range 6.1-7.0) (Figure 2.2). Percentage of 25 
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Figure 2.2 Pools/km in Reach 3 (downstream reference reach), Reach 4 (treatment 
reach), and Reach 5 (upstream reference reach) in Meadow Creek, Oregon, from 1987 
through 1992. Data collected in June of each year. Pre-treatment period from 1987 
through 1990. Post-treatment period from 1991 through 1992. Flood occurred in May 
1991. Dotted lines represent pre- and post-treatment means. 26 
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Figure 2.3 Pool area (%) in Reach 3 (downstream reference reach), Reach 4 (treatment 
reach), and Reach 5(upstream reference reach) in Meadow Creek, Oregon, from 1987 
through 1992. Data collected June of each year. Pre-treatment period from 1987 
through 1990. Post-treatment period from 1991 through 1992. Flood occurred in May 
1991. Dotted lines represent pre- and post-treatment means. 27 
pool habitat in Reach 3 increased from a pre-treatment mean of 12.8% (range 9-17) to a 
mean of 20.5% (range 19-22) (Figure 2.3). 
Number of pools in Reach 5 increased from a pre-treatment mean of 3.6/km (range 
2.5-5.3) to a mean of 7.1/km (range 7.0-7.2) (Figure 2.2). Percentage of pool habitat in 
Reach 5 increased from a pre-treatment mean of 5% (range 4-8) to a mean of 14.5% 
(range 14-15) (Figure 2.3). 
Complex pools were not evenly distributed in the study area in 1992 (Figure 2.4). 
The treatment reach contributed 37% of the total complex pools in the study area. 
Theeference reaches contributed 11% (Reach 3) and 11% (Reach 5) of complex pools. 
The remaining 58% of complex pools were located in Reach 6 (35%) and Reach 2 (6%). 
Large Wood 
Large wood volume in the treatment reach was greater in the post-treatment period 
compared to pre-treatment levels. Wood volume increased from a pre-treatment mean of 
58.2 m3/km (range 14.5 - 125.4) to 2108.0 m3/km (range 1397.2 - 2818.8) (Figure 2.5). 
Large wood volume in the reference reaches increased to a lesser extent than the 
treatment reach. Wood volume in Reach 3 increased from a pre-treatment mean of 27.4 
m3/km (range 2.4 - 52.0) to a mean of 61.3 m3/km (range 57.3 - 65.3) (Figure 2.5). Wood 
volume in Reach 5 increased from a pre-treatment mean of 48.7 m3/km (range 11.6 ­
67.0) to a mean of 372.1 m3/km (range 206.5 - 537.6) (Figure 2.5). 28 
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Figure 2.4 Distribution of complex pools (N = 63) and total pools (N = 299) in study area 
in Meadow Creek, Oregon, in June 1992. 29 
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Figure 2.5 Large wood (LW) volume (m3/km) in Reach 3 (downstream reference reach), 
Reach 4 (treatment reach), and Reach 5 (upstream reference reach) in Meadow Creek, 
Oregon, from 1987 through 1992. Data collected in June of each year. Pre-treatment 
period from 1987 through 1990. Post-treatment period from 1991 through 1992. Flood 
occurred in May 1991. Note different y-axis scale. Dotted lines represent pre- and post 
treatment means. 30 
Distribution patterns of large wood in the treatment reach differed also between the 
pre- and post-treatment periods. Small accumulations increased from a pre-treatment 
mean of 3.0 small accumulations/km (range 0.0 - 7.1) to a mean of 12.0 small 
accumulations/km (range 11.1 - 13.0) (Figure 2.6). Large accumulations increased from 
a pre-treatment mean of 1.3 large accumulations/km (range 0.0 - 2.7) to a mean of 17.8 
large accumulations/km (range 17.2 - 18.8) (Figure 2.6). 
Distribution patterns of large wood in the lower reference reach differed also between 
the pre- and post-treatment periods. Small accumulations in Reach 3 increased from a 
pre-treatment mean of 0.6 small accumulations/km (range 0 - 1.5) to a mean of 2.2 small 
accumulations/km (range 1.9 - 2.4) (Figure 2.6). Large accumulations in Reach 3 
increased from a pre-treatment mean of 0.4 large accumulations/km (range 0.1 - 0.8) to a 
mean of 1.1 large accumulations/km (range 0.9 - 1.3) (Figure 2.6). Distribution patterns 
of large wood in the upper reference reach (Reach 5) in the post-treatment period were 
with in the range of pre-treatment levels (Figure 2.6). 
Percentage of wood located in large accumulations increased in the treatment and 
reference reaches. Percentage of wood volume in large accumulations in Reach 4 
increased from a pre-treatment mean of 31.5% (range 0 - 2.4) to 97.4% (range 97.2 ­
97.5) (Figure 2.7). Mean jam size increased from a pre-treatment mean of 12.9 m3 (range 
0 - 33.7) to 114.2 m3 (range 79.3 - 149.1) (Figure 2.8). 
Percentage of large wood volume in large accumulations in Reach 3 increased from a 
pre-treatment of mean 38.9% (range 9.8 - 68.5) to a mean of 75.5% (68.9 - 82.1) (Figure 31 
20 
18 
16 
14 
12 
I 
\ 
I 
N 
Single Pieces 
Small Accumulations 
Large Accumulations 
Reach 3 
-2,  10 
Z  8 
6 
4 
2 
0 
40 
11 
1987 
RI 
1988 
I ni 
1989  1990 
1n 
1991  1992 
35 
30 
A 25 
I  I 
' 
Single Pieces 
Small Accumulations 
Large Accumulations 
Reach 4 
_°2  20 
Z  15 
10 
5 
0 
40 
1987  1988 
g 
1989 
I  gi 
1990 
11 
1991 
11 
1992 
35 
30 
25 
I 
\ 
I 
N 
Single Pieces 
Small Accumulations 
Large Accumulations 
Reach 5 
20 
15 
10 
5 
0 
1987  1988 
1 1 
1989 
I  gi 
1990 
Io 
1991  0 
1992 
Year 
Figure 2.6 Large wood distribution patterns in Reach 3 (downstream reference reach), 
Reach 4 (treatment reach), and Reach 5 (upstream reference reach) in Meadow Creek, 
Oregon, from 1987 through 1992. Data collected in June of each year. Pre-treatment 
period from 1987 through 1990. Post-treatment period from 1991 through 1992. Flood 
occurred in May 1991. Small accumulations 2 to 4 pieces. Large accumulations >4 
pieces. Note different y-axis scales. 32 
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Figure 2.7 Large wood (LW) volume (m3) located in large accumulations (LA) in 
Reach 3 (downstream reference reach), Reach 4 (treatment reach), and Reach 5 (up­
stream reference reach), in Meadow Creek, Oregon, from 1987 through 1992. Data 
collected in June of each year. Pre-treatment period from 1987 through 1990. Post 
treatment period from 1991 through 1992. Flood occurred in May 1991. Dotted line 
represents pre- and post-treatment means. 33 
2.7). Percentage of wood volume in large accumulations in Reach 5 increased from a 
mean of 19.2% (range 0 - 40.7) to a mean of 81.7% (range 80.0 - 83.4) (Figure 2.7). 
Mean jam size in Reach 5 increased from a pre-treatment mean of 5.6 m3 (range 0 - 13.3) 
to a mean of 57.4 m3 (range 39.0 - 75.7) (Figure 2.8). 
Adult Escapement 
No trend in the adult escapement index at Lower Granite Dam was apparent from 
1986 through 1991 (Figure 2.9). Mean escapement was 90,513 adults (SD = 27,963). 
Highest escapement occurred in 1990 (123,064 adults) and lowest escapement occurred 
in 1991 (50,157 adults). 
Juvenile Steelhead Trout Abundance 
Reach Scale Abundance 
Steelhead trout parr abundance declined through out the study area from 1987 to 1992 
(Figure 2.9). The decline in abundance occurred in both the treatment reach and reference 
reaches. Density of parr (areal and linear) was similar for the treatment reach and 
reference reaches in 1991 (Figures 2.10a and 2.10b). In 1992, areal density estimates of 
parr were similar for the treatment reach and reference reaches, but the linear density 
estimate of parr for the treatment reach was lower. 34 
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Figure 2.8 Mean large accumulation (LA) size (m3) in Reach 3 (downstream reference 
reach), Reach 4 (treatment reach), and Reach 5 (upstream reference reach) in Meadow 
Creek, Oregon, from 1987 through 1992. Data collected in June of each year. Pre­
treatment period from 1987 through 1990. Post-treatment period from 1991 through 
1992. Flood occurred in May 1991. Note different y-axis scale. Horizontal dashed 
lines represent pre- and post-treatment means. 35 
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Figure 2.9 Estimated abundance of steelhead parr in study area, Meadow Creek, Oregon 
from 1987 through 1992. Parr abundance data collected in June of each year. Adult 
escapement index based on number of adult steelhead passing Lower Granite Dam from 
August through December of three years previous. Error bars represent 95% confidence 
intervals. 36 
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Figure 2.10 Areal (A) and linear (B) densities of steelhead parr in Reach 3 (downstream 
reference reach), Reach 4 (treatment reach), and Reach 5 (upstream reference reach), in 
Meadow Creek, from 1987 through 1992. Data collected in June of each year. Pre­
treatment period from 1987 through 1990. Post-treatment period from 1991 through 1992. 
Flood occurred in May 1991. 37 
Abundance of steelhead trout parr was moderately related to the adult escapement 
index. A curvilinear relationship best fit the data (adjusted R2 = 0.40, P = 0.215) 
compared to a linear relationship (adjusted R2 = 0.06, P = 0.319) (Figure 2.11). 
Response to Habitat Complexity 
Comparisons of steelhead trout parr mean densities between complex and non-
complex pools were complicated by small sample sizes, and large within-sample 
variation. The combination of these factors resulted in low statistical power for all years. 
Similar problems plagued comparisons between treatment and reference pools in 1991 as 
well as complex treatment and reference pools in 1992. 
Mean density of steelhead trout parr (#/m2) was higher in complex pools compared to 
non-complex pools for all years (Figure 2.12). Mean densities in complex pools (mean 
0.114, SE 0.0413) were not significantly different (P = 0.4715, (3. = 0.9596) compared to 
non-complex pools (mean 0.081, SE 0.0195) in 1990. Mean densities in complex pools 
(mean 0.095, SE 0.0187) were significantly different (P = 0.0032, (3 = 0.3521) compared 
to non-complex pools (mean 0.033, SE 0.0074) in 1991. Mean densities in complex 
pools (mean 0.060, SE 0.0132) were not significantly different (P = 0.0797, (3 = 0.8784) 
compared to non-complex pools (mean 0.032, SE 0.0092) in 1992. 
Percentage of pools with no steelhead trout parr differed between complex and non-
complex pools (Figure 2.13). Percentage of complex pools with no parr was 10% (1990), 
and 0% (1991, 1992), but percentage of non-complex pools with no parr were 18% 12000 
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Figure 2.11 Relationship of steelhead parr abundance to adult escapement index from 
1987 through 1992. Adult escapement index is the number of adult steelhead passing 
Lower Granite Dam from August through December of each year. (Adjusted R2 = 0.40, 
P = 0.215) 39 
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Figure 2.12 Mean density (#/m2) of steelhead parr in complex and non-complex pools in 
Meadow Creek, Oregon, from 1990 through 1992. Data collected in June of each year. 
For 1990: complex pools n = 10, noncomplex pools n = 11, P-value = 0.4715. For 1991: 
complex pools n = 13, noncomplex pools n = 14, P-value = 0.0032. For 1992: complex 
pools n = 24, noncomplex pools = 25, P-value = 0.0797. Error bars represent one 
standard error. 
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Figure 2.13 Frequency (%) of complex and non-complex pools with no steelhead parr in 
Meadow Creek, Oregon, from 1990 through 1992. Data collected in June of each year. 
For 1990: P-value = 1.0000. For 1991: P-value = 0.0978. For 1992: P-value = 0.0096. 40 
(1990), 29% (1991), and 28% (1992). These differences were not statistically significant 
in 1990 (Fisher exact test, P = 1.0000), and 1991 (P = 0.0978), but were significant in 
1992 (P = 0.0096). 
In 1991, mean densities (#/m2) of steelhead trout parr observed in pools created by 
the treatment (mean 0.107, SE 0.0331) were not significantly different than those in 
reference pools (mean 0.048, SE 0.0095) within Reach 4 (Figure 2.14) (P = 0.1250, 13 = 
0.9085). This may be related to the small sample size and low power. 
Mean density (#/m2) of steelhead trout parr in complex pools associated with post-
flood accumulations of introduced wood was about three times higher (mean 0.099, SE 
0.0315) than mean densities found in complex pools associated with intact structures 
(mean 0.026, SE 0.0072) and about twice the density in complex pools associated with 
accumulations of natural wood (mean 0.050, SE 0.0146) in 1992 (Figure 2.15). These 
differences were not statistically significant (P = 0.0878, (3 = 0.8029). 
Persistence of Instream Structures 
Following the spring-melt runoff in 1991, 98% of the instream structures were in 
their original locations performing their intended design function (Table 2.1). However, 
62% of the structures were extensively damaged or were washed away completely during 
the 1991 spring flood (Table 2.1). Number of structures that were functional continued to 
decline in 1992; from 47 in 1991 to 25 in 1992. Only 20% of the original structures were 
functional by 1992 (Table 2.1). 41 
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Figure 2.14 Comparison of mean densities (#/m2) of steelhead parr in treatment and re­
ference pools in Reach 4 (treatment reach) in Meadow Creek, Oregon, June, 1991. 
Treatment pools n = 5, reference pools n = 5, P-value = 0.1250. Error bars represent one 
standard error. 
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Figure 2.15 Comparison of mean density (#/m2) of steelhead parr in complex pools 
associated with intact structures (IS), wood from washed-out structures (SW), and 
natural wood (NW) in Meadow Creek, Oregon, June 1992. IS and SW pools are located 
in Reach 4 (treatment reach) and NW pools are located in Reaches 3 (downstream 
reference reach) and 5 (upstream reference reach). IS n = 6, SW n = 8, NW n = 10, 
P-value = 0.0878. Error bars represent one standard error. 42 
Table 2.1 Number of functioning structures in treatment reach of Meadow Creek,Oregon, 
in 1991 through 1992. Percent of functional structures includes functional and impaired 
structures. See text for criteria for rating structures. Structures completed in October 
1990. Flood occurred on May 19, 1991. 
In Place  In Place  In Place  Washed 
Date  Functional  Impaired  Not Func.  Out  Total  % Func. 
5/05/91  98  27  0  3  128  97.7 
6/14/91  22  25  3  78  128  36.7 
9/01/92  9  16  20  83  128  19.5 43 
Large wood from washed-out structures and loose large wood inputs contributed 
substantially to fish habitat within Reach 4 in 1992. Approximately 30% of the total 
pools in Reach 4 were associated with wood from washed-out structures while 
approximately 46% were associated with intact structures. However, approximately 55% 
of the complex pools within Reach 4 were associated with wood from washed-out 
structures while approximately 36% were associated with intact structures. 
Discussion 
Meadow Creek lacked many attributes of high quality habitat for juvenile steelhead 
trout. Rootwads, large wood and undercut banks (Bisson et al. 1982) are important 
habitat features for juvenile steelhead trout in pools. Large wood, pocket pools and 
boulders near the thalweg are important habitat features in riffles (Bisson et al. 1982, 
Fontaine 1988). In contrast, Meadow Creek was dominated by shallow riffles and low 
volumes of large wood during the pre-treatment period. 
Channel complexity and heterogeneity increased throughout the study area in the 
post-treatment period. Increased channel complexity and heterogeneity in the reference 
reaches (Reaches 3, and 5) can be attributed to the spring flood of 1991. Increases in 
channel complexity and heterogeneity, however, were greater in the treatment reach 
(Reach 4) where the flood interacted with large wood placed in the channel. 44 
Accumulation of new pieces of large wood has increased in the treatment reach at a 
much faster rate compared to the reference reaches. Creation of large roughness elements 
resulted in more efficient trapping of wood. Similar results have been documented in 
other studies following the creation of large roughness elements (House et al. 1991, 
Gregory and Wildman 1992, Crispin et al. 1993). 
Increases in habitat complexity and heterogeneity in the treatment reach did not result 
in an increase in summer abundance of steelhead trout parr compared to the reference 
reaches during the post-treatment period. Pooling of pre-treatment data, low escapement 
of steelhead trout above Lower Granite Dam in 1990 (1991 brood year) and apparent low 
survival of the 1991 year class during the flood prevented us from comparing 1992 
steelhead trout parr abundance with pre-treatment data. 
Comparisons of response of steelhead trout parr to instream habitat manipulations are 
confounded by the various scales of biological and geomorphic measurements used to 
evaluate projects. Response of steelhead trout parr during this initial evaluation period to 
changes in instream habitat in the treatment reach fall at the low end compared to 
published reports from previous studies. Results from previous instream habitat projects 
have ranged from decreases in rearing densities (Scully and Petrosky 1991), no response 
(House and Boehne 1986, Reeves et al. 1990), slight increase in rearing densities 
(Moreau 1984, House and Boehne 1985, Scully and Petrosky 1991), to a large increase in 
rearing density (West 1984). 45 
Contradictory results of the response of steelhead trout parr to the treatment at the 
channel unit and reach scales emphasize the difficulties in determining response of 
salmonids to instream habitat manipulation. Higher rearing densities associated with 
treatment pools coupled with the large increase in pool habitat potentially could have 
been misinterpreted as an increase in parr abundance in the treatment reach. 
Based on the independent reach estimates for steelhead trout parr abundance, higher 
densities of parr associated with treatment pools represented a redistribution of parr 
within the reach. This finding supports concerns that instream habitat projects may act to 
redistribute fish rather than increase overall abundance (Reeves et al. 1991b). 
Habitat complexity is just one of many interacting mean factors which can determine 
a stream's carrying capacity. Stream productivity (Mason 1976, Hawkins et al. 1983, 
Johnston et al. 1990), territoriality (Kalleburg 1958, Chapman 1962), and bioenergetics 
(Brett 1971, Wurtsbaugh and Davis 1977) influence the abundance and biomass of 
salmonids. Behavior also can modify effects of these factors on individuals (Kaya et al. 
1977, Pearsons et al. 1992b). 
Meadow Creek regularly experiences high water temperatures (Todd Bohle OSU, 
pers. comm.). In 1992, mean daily maximum water temperatures in Reach 2 exceeded 
19°C for 34 days from June to August. Daily water temperatures also exceeded 25°C 
during this same period. These temperatures were above optimum for growth rate (Brett 
1971, Wurtsbaugh and Davis 1977), similar to the threshold temperature for behavioral 
thermoregulation (Kaya et al. 1977, Pearsons et al 1992), and for cessation of feeding 46 
(Brett 1971) of salmonids. These temperatures were also within the range of 
temperatures where juvenile steelhead trout may be competitively displaced by other 
species (Reeves et al. 1987). 
Water quality data from 1977 and 1978 suggest Meadow Creek is a relatively 
unproductive stream (mean Kjeldahl-N = 0.124 mg/1, PNW Research Station, Corvallis, 
OR, unpublished data). Profitable territories would be limited under the scenario of high 
metabolic demands and low food abundance, thus reducing carrying capacity and 
increasing emigration of subordinate individuals. While increased habitat complexity and 
cover could increase visual isolation and therefore carrying capacity (Kaileburg 1958), 
territory size may be primarily determined by bioenergetics. Addition of cover does not 
increase carrying capacity of cutthroat trout (0. clarki) when food abundance is low 
(Wilzbach 1985). 
Two design shortcomings in the construction of the instream structures were 
highlighted by the flood. The stair-step layout of the structures was not consistent with 
the channel morphology of Meadow Creek. Meadow Creek is a low gradient system 
(slope < 2%) where a sinuous pool-riffle channel morphology is natural (Knighton 1984). 
Majority of structures that were classified as in place but not functional were either buried 
or failed to create scour pools; possibly due to the low channel gradient. 
A wide active channel and unvegetated streambanks made the structures vulnerable to 
washing out during highflows. Most structures had a high percentage of their length 
exposed to the forces of the flood compared to the portion anchored in the banks. During 47 
the 1991 spring flood, structures were observed to be undercut and then levered up and 
out of the banks. Damage rates of instream structures in southwest Oregon has been 
observed to be positively related to active channel width (Frissell and Nawa 1992). 
Wood from washed-out structures, introduced large wood, and natural large wood 
collected in large accumulations during the flood. The largest of these accumulations 
collected on the ice racks. This created a patchy distribution of wood within Reach 4 in 
contrast to the uniform distribution of structures and wood prior to the flood. Large 
accumulations tend to be very stable in old growth streams (Lienkaemper and Swanson 
1987). However, stability of accumulations may be lower in degraded stream channels 
such as Meadow Creek. 
Conclusions 
The high failure rate of the instream structures emphasizes the dynamic nature of 
streams. From an engineering perspective the treatment was a failure; only 20% of the 
structures were in place and functioning as designed within two years of construction. 
However, the washed-out structures and loose large wood placed in the channel did result 
in an increase in channel complexity and heterogeneity in the treatment reach. The 1991 
spring flood interacted with large wood inputs to create pool habitat above background 
levels. Pool development was much greater within the treatment reach compared to the 
reference reaches during the 1991 spring flood. 48 
Post-flood accumulations of introduced wood have also functioned as large scale 
roughness elements that have subsequently served as wood sinks. These large scale 
roughness elements have increased retention of natural wood moving through the system 
to abundances greater than those found in rest of the study area. Pools associated with 
post-flood accumulations of introduce wood accounted for the majority of the complex 
pools present within Reach 4. 
Addition of large wood changed distribution patterns of juvenile steelhead trout. 
Highest densities of steelhead trout parr generally were found in complex pools 
associated with post-flood accumulations of introduced wood. Complex pools associated 
with intact structures and accumulations of natural wood generally had lower densities of 
steelhead trout parr. Pools with little complexity had the lowest densities of age 1+ parr. 
Addition of large wood and increases in pool habitat did not alter factors that limited 
juvenile steelhead trout abundance. Higher densities of parr associated with complex 
pool habitat within the treatment reach represented a redistribution of parr from within 
the reach. Densities of steelhead parr were similar for the treatment reach and the two 
reference reaches in the post-treatment period. A drought that coincided with my study 
and high mortality during the 1991 spring flood appeared to have strongly influenced 
juvenile steelhead trout abundance. 
Regional droughts probably have exacerbated poor habitat conditions resulting from 
land management practices in the Meadow Creek basin. The 1928 through 1941 drought 
coincides with the extirpation of chinook run in the Meadow Creek. This study coincided 49 
with the most recent extended drought, possibly explaining the persistent decline in 
steelhead trout parr abundance during the study. 50 
CHAPTER 3: CHANGES IN SMOLT PRODUCTION 
Introduction 
Few stream habitat restoration projects have been evaluated to determine their success 
or failure at increasing the abundance of anadromous salmonids (Reeves et al. 1991b). In 
projects that have been evaluated summer rearing densities (Moreau 1984, House and 
Boehne 1986, Fontaine 1988), adult escapement (West 1984), or a combination of these 
measures (West 1984, House and Boehne 1985) have been used to evaluate the 
effectiveness of stream restoration projects. 
Each of these methods have drawbacks. By relying only on an increase in summer 
rearing densities importance of winter rearing habitat is ignored (Hall 1984). Changes in 
numbers of spawners may represent a shift in use of spawning habitat or changes in ocean 
conditions (Reeves et al. 1991a). In addition, steelhead trout spawn in the spring making 
redd counts difficult due to high flows and turbid water resulting in inaccurate estimates 
of actual spawning effort. 
Smolt production is the final stage of the freshwater rearing stage and therefore 
reflects the condition of freshwater rearing habitat (Reeves et al. 1991a). Monitoring 
changes in smolt production from stream rehabilitation projects allows an evaluation of 
the success of a project at eliminating limiting factors in freshwater rearing habitat. 
The overall goal of the Meadow Creek instream habitat rehabilitation project was to 
test the hypothesis that rehabilitation of instream habitat by construction of structures 51 
would increase steelhead trout smolt production from the treatment reach. To test this 
hypothesis smolt production was monitored from the treatment reach and from reference 
reaches immediately above and below. Pre-treatment data collection of smolt production 
began in 1988 and ended in 1990. Post-treatment data collection began in 1991 and 
ended in 1995. This chapter analyzes data from the pre-treatment period (1987 through 
1990) and the first two years of the post-treatment period (1991 through 1992). 
Objectives 
The objectives of this phase of the study were: 
1) Determine if smolt production was increased from the treatment reach 
following the construction of instream habitat structures and placement of large 
wood in the stream channel. 
2) Monitor smolt production from adjacent reaches to determine smolt production 
trends in the Meadow Creek basin above McIntyre Road. 
Study Sites 
The study area for summer habitat and steelhead trout parr relationships above 
McIntyre Road was divided into three smolt monitoring reaches (SMR) from 1988 to 
1992 (Figure 3.1). The upper SMR encompassed Reaches 5 and 6 and the unsampled 
area above Reach 6. The middle SMR was designed to encompass the treatment reach of 52 
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Figure 3.1 Smolt monitoring reaches (SMR) and smolt trap locations on Meadow Creek, 
Oregon, from 1988 through 1992. 53 
the instream habitat project (Reach 4). However, changes in the instream habitat project 
eliminated the treatment from the lower 1.2 km of the proposed treatment reach. This 1.2 
km area was then incorporated into Reach 3. Hence, the middle SMR encompassed 
Reach 4 plus the upper 1.2 km of Reach 3. The lower SMR encompassed Reach 3 minus 
the upper 1.2 km. 
Methods 
Smolt Traps 
Trap Descriptions 
Three portable, floating smolt traps were used to capture downstream migrating 
smolts and parr from 1988 to 1992. Battery-operated Humphrey traps were positioned at 
the lower boundaries of the upper and middle SMR's during all years of trapping. These 
traps were equipped with a 0.9-m wide traveling screen and powered by two 12 volt deep 
cycle batteries (McLemore et al. 1989). 
A third Humphrey trap was positioned at the lower boundary of the lower SMR in 
1988. A self-powered screw trap replaced this trap in 1989. The screw trap was 
equipped with a 2-m diameter fiberglass screw turned by streamflow (Boehne 1996). 
Traps were held in place with wire rope and snatch blocks anchored to trees and large 
boulders located on the stream banks. 54 
Operation of Traps 
Trapping began after ice-out and when access to trapping sites was no longer 
prevented by snow, normally in mid- to late February. Trapping ceased at the lower trap 
site when flows became insufficient to operate the trap, normally in mid-May to early 
June. Trapping at the other two sites generally ended at the same time. Trapping period 
for the basin began on the day the first trap was operated and ended on the last day that 
the lower trap was operated each year (Table 3.1). 
Traps were operated seven-days a week during spring months except when flow 
conditions precluded trapping or when traps were being repaired. Previous research has 
indicated that smolt migrations are primarily nocturnal (Meehan and Siniff 1962, Mason 
1975); therefore, traps were fished from dusk to dawn in 1988 and 1989 (Boehm 1996). 
Experimental fishing of the lower trap during daylight in 1990 revealed a pronounced 
movement of smolts marked for trap efficiency trials along with a smaller movement of 
unmarked smolts and parr. No daytime fish movement was detected at the upper and 
middle traps. This may have been due to the poor trapping efficiency of the Humphrey 
traps rather than a lack of fish movement. In 1991 and 1992 the upper and middle traps 
were operated from dusk to mid-morning and the lower trap 24 hours a day. 
Traps were checked and emptied each morning. Salmonid smolts and parr captured 
were anesthetized with MS-222, enumerated, measured to nearest millimeter (fork length) 
and weighed to the nearest 0.1 g. Fish not used for trap efficiency trials were released at 
least one riffle habitat unit below traps. 55 
Table 3.1 Operation dates for smolt traps on Meadow Creek, Oregon, from 1988 through 
1992. Trapping effort calculated as # days trap operated/total # days in trapping period. 
Trapping period begins first day of operation of first trap installed and ends on last day 
lower trap operated. Data for 1988 and 1989 from Boehne (1996). 
Trap  Year  Period Operated  Trapping Effort (%) 
Upper  1988  3/16 - 4/30  92.1 
1989  4/20 - 6/04  43.4 
1990  3/18 - 5/10  50.0 
1991  3/02 - 5/18  73.0 
1992  2/28 - 5/16  97.5 
Middle  1988  3/16 - 4/30  92.1 
1989  3/21 - 6/04  63.2 
1990  3/15 - 4/18  46.9 
1991  2/23 - 6/02  86.0 
1992  2/27 - 5/16  98.8 
Lower  1988  3/16 - 4/30  68.4 
1989  3/31 - 6/04  63.2 
1990  3/15 - 5/17  73.4 
1991  2/23 - 6/03  87.0 
1992  2/26 - 5/07  96.3 56 
Steelhead trout parr and smolts were primarily distinguished by coloration and 
secondarily by size. Migrants were categorized as smolts by the absence of parr marks, 
silvering of the body, white belly, fading of caudal fin spots, and a black band along the 
edge of the caudal fin (Wagner 1970). 
Few smolt-sized migrants displayed unequivocal smolt coloration patterns early in the 
trapping season. Early migrants were identified as smolts if parr marks were faded, 
caudal fin spots were faded, presence of a black band along the edge of the caudal fin, 
and presence of silvered scales. 
Coloration of smolts was distinct by mid-April in most years. Uncertainty of migrant 
coloration during the early season may have resulted in some smolts to be misidentified 
as migrant parr. Adult resident rainbow trout were distinguished from juvenile steelhead 
trout by the lack of parr marks, dark belly, spotting on the caudal fm, reddish tinge on the 
operculum, an overall golden shading, and body shape. 
Smolt and Migrant Parr Abundance 
Trap Efficiency 
Trap efficiency trials were conducted to estimate the proportion captured of each 
day's emigration using a mark-recapture methodology. Each day a maximum sample of 
25 smolts captured at each trap were marked. Smolts were marked with partial fin clips 
which corresponded to a day and trap code. Marked smolts were released at least 0.8 km 57 
upstream of the respective trap. Release sites were chosen based on the amount of hiding 
cover present. Fin clips were repeated every seven days because it was assumed marked 
smolts would migrate past the trap of origin within seven days. 
Trap efficiency (  ) for each trap was calculated by: 
mi 
where r is the number of marked fish recaptured and m is the number of fish marked 
and released at trap i  .  Trap efficiencies for emigrating parr were calculated using the 
same methods. 
Smolt and Parr Estimates Abundance Estimates 
Estimated number of emigrating smolts at each trap site (N) was calculated by: 
= 
where n is the number of new captures at trap i and a is the estimated trap efficiency of 
trap i . Estimates of emigrating parr were calculated using the same methods. 
Variances for estimates of emigrating smolts and parr at each trap site were calculated 
using a modified version of a bootstrap program developed by Murphy et al. (1993). A 
95% confidence interval (CI) was calculated by: 
95% CI= ±21,fr(g) 58 
For pre-treatment years 1988 through 1989, estimates of emigrating smolts and parr 
from Boehne (1996) were used. Confidence intervals and coefficient of variation were 
calculated for the 1988 through 1989 estimates of emigrating smolts using data presented 
in Boehne (1996). 
To determine the reliability of my estimates of emigrating smolts I used the criteria of 
Roff (1973) and Robson and Reiger (1964) for mark-recapture experiments. Reliability 
of estimates of emigrating smolts and parr were judged excellent if the coefficient of 
variation was less than 0.05 (Roff 1973) and 95% CI's were no greater than 10% of R 
(Robson and Reiger 1964, Roff 1973). Additional reliability levels used were: good if 
95% CI's were greater than 10% and less than or equal to of 20% of SI ; fair if 95% CI's 
were greater than 20% and less than or equal to of 30% of R ; poor if 95% CI's were 
greater than 30% of R . 
Smolt Production From SMRs 
Estimate of total smolt production from the basin for each year was partitioned by 
SMR to determine changes in smolt production following the instream habitat treatment. 
Number of smolts overwintering in the upper SMR was the upper SMR estimate of 
emigrating smolts. Number of smolts overwintering in the middle SMR was estimated 
by subtracting the upper SMR estimate from the middle trap SMR estimate. Number of 59 
smolts overwintering in the lower SMR was estimated by subtracting the middle SMR 
estimate from the lower SMR estimate. 
Results 
Smolt Abundance 
I was unable to estimate the number of smolts emigrating at the upper trap (1988 
through 1990), the middle trap (1989 and 1990), and the lower trap (1988) during the pre­
treatment period (Table 3.2). Reliability of estimates of emigrating smolts was poor at 
the middle trap in 1988 and at the lower trap in 1989. 
I was unable to estimate the number of emigrating smolts at the upper trap in 1991 in 
the post-treatment period. Reliability of estimates of emigrating smolts was poor at the 
upper trap in 1992, and at the middle trap in 1991 and 1992. Reliability of the estimate of 
emigrating smolts was fair at the lower trap in 1991 and good in 1992 (Table 3.2). 
High flows, low flows and mechanical breakdowns hampered data collection at the 
three trap sites during my study. In addition, the Humphrey traps suffered from dismal 
trapping efficiencies (Table 3.2). Table 3.2 Number of steelhead smolts captured, marked and released for trap for trap efficiency trials and recaptured, and 
estimated number of smolts emigrating Meadow Creek, Oregon, from 1988 through 1992. Data for 1988, 1989 from Boehne 
(1996). See text for criteria for reliability rating of k .  (NCAPS = new captures, MREL = # marked and released, RCAPS = # of 
marked fish recaptured, e = estimated trap efficiency, N = estimated number of emigrants, % of N = 95% CI expressed as a 
percent of N , CV = coefficient of variation, NE = no estimate). 
Reliability 
Trap  Year  NCAPS  MREL  RCAPS  95% CI  % of N  CV  of Ar e 
Upper	  1988  6  6  0  0.000  NE  NE  NE  NE 
1989 0  0  0 
1990  18  8  0 0.000  NE  NE  NE  NE 
1991  2  2  0 0.000  NE  NE  NE  NE 
1992  123  119  13  0.109  1,128  ± 854  76  0.258  Poor 
Middle	  1988  12  12  2  0.167  72  ± 103  143  0.644  Poor 
1989  5  5  0 0.000  NE  NE  NE  NE 
1990  24  20  0  0.000  NE  NE  NE  NE 
1991  78  72  5  0.069  1,130  ±1,766  156  0.416  Poor 
1992  140  128  15  0.117  1,197  ± 793  66  0.232  Poor 
Lower	  1988  2  2  0  0.000  NE  NE  NE  NE 
1989  155  155  13  0.084  1,845  ±1,403  76  0.265  Poor 
1990  815  391  82  0.210  3,881  ± 780  20  0.068  Good 
1991  533  441  81  0.184  2,897  ± 640  22  0.091  Fair 
1992  916  514  173  0.337  2,732  ± 376  14  0.045  Good 61 
Smolt Condition Indices 
Smolts captured at the middle trap were significantly larger in the post-treatment 
period (mean 150.8, SE 5.798) compared to the pre-treatment period (mean 135.3, SE 
4.598) (t = 3.37, a = 0.05) (Table 3.3). Smolts captured at the upper and lower traps also 
were larger in the post-treatment period but the differences were not significant (Table 
3.3). 
Smolt Production From SMRs 
I was unable to partition smolt production within the basin by SMR during the 
pre-treatment period (1988 through 1990). I could only estimate the number of smolts 
overwintering in the lower SMR in 1991 (Table 3.4). In 1992, I estimated that three 
percent of the smolts overwintered within the middle SMR (Table 3.4). In contrast, 41% 
of the smolts overwintered in the upper SMR and 56% of the smolts overwintered in the 
lower SMR. 
Migrant Parr Abundance 
I could not estimate the number of parr emigrating, or estimates were poor during 
most of the pre-treatment period (Table 3.5). The lower trap estimate in 1990 was the 
exception. 62 
Table 3.3 Mean fork length (mm) and condition factor (k) of steelhead trout smolts 
captured at traps on Meadow Creek, Oregon, from 1988 through 1992. 
Mean  Mean 
Trap  Year  Length  SE  n  K-Factor  SE  n 
Upper  1988  135.8  2.3721  6  0.97  0.0184  6 
1989  0  0 
1990  133.5  4.4249  14  0.94  0.0176  14 
1991  132.0  3.0000  2  0.97  0.0500  2 
1992  152.7  1.3810  122  1.00  0.0058  113 
Middle	  1988  136.1  1.4108  15  0.91  0.0064  15 
1989  130.4  2.6023  5  0.98  0.0106  5 
1990  139.5  1.9124  32  0.98  0.0204  32 
1991  146.7  1.5378  78  0.99  0.0077  78 
1992  154.9  1.2732  144  1.02  0.0056  132 
Lower	  1988  132.5  6.0104  2  0.87  0.0354  2 
1989  145.7  0.1114  155  1.00  0.0005  155 
1990  139.4  0.7196  614  0.95  0.0033  613 
1991  151.4  0.7394  533  0.97  0.0035  514 
1992  162.0  0.5302  916  1.03  0.0025  685 
Table 3.4 Estimated number of smolts overwintering in smolt monitoring reaches (SMR) 
of Meadow Creek, Oregon from 1988 through 1992. See text for reach descriptions. 
Data for 1988 and 1989 from Boehm (1996). (NE = no estimate). 
Year  Upper SMR  Middle SMR  Lower SMR  Basin 
1988  NE  NE  NE  NE 
1989  NE  NE  NE  1,845 
1990  NE  NE  NE  3,881 
1991  NE  NE  1,767  2,897 
1992  1,128  69  1,521  2,718 Table 3.5 Number of juvenile steelhead parr captured, marked and released for trap for trap efficiency trials and recaptured, and 
estimated number of parr emigrating during spring months from Meadow Creek, Oregon, from 1988 through 1992. Data for 1988, 
1989 from Boehne (1996). See text for criteria for reliability rating of N .  (NCAPS = new captures, MREL = # marked and 
released, RCAPS = # of marked fish recaptured, e = estimated trap efficiency, N = estimated number of emigrants, % of Si = 
95% CI expressed as a percent of SI , CV = coefficient of variation, NE = no estimate). 
Reliability 
Trap  Year  NCAPS  MREL  RCAPS  e  SI  95% CI  % of N  CV  of Ar 
Upper	  1988  56  33  1  0.030  1,867  ±1,656  89  0.760  Poor 
1989  3  3  0 0.000 NE  NE  NE  NE 
1990  339  185  11  0.059  5,746  ±4,985  87  0.217  Poor 
1991  26  23  1  0.043  605  ± 542  90  0.925  Poor 
1992  9  9  0 0.000  NE  NE  NE  NE 
Middle	  1988  248  115  7  0.061  4,066  ±4,617  114  0.249  Poor 
1989  48  48  0  0.000  NE  NE  NE  NE 
1990  0  0.000  NE  NE  NE  NE 
1991  213  170  8  0.047  4,532  ±5,427  120  0.309  Poor 
1992  9  8  0 0.000  NE  NE  NE  NE 
Lower 1988  0  0  0  NE  NE  NE  NE  NE 
1989  403  403  27  0.067  6,015  ±2,632  44  0.186  Poor 
1990  1,574  733  136  0.186  8,462  ±1,417  17  0.053  Good 
1991  687  547  77  0.141  4,872  ±1,102  23  0.094  Fair 
1992  13  11  0 0.000  0  NE  NE  NE 64 
Post-treatment estimates of emigrating parr were poor at the upper and middle traps 
and fair at the lower trap in 1991. I could not estimate the number of emigrating parr at 
the three traps in 1992 based on trap efficiencies. However, I assumed that no parr 
emigrated from the basin in 1992 based on the high trapping efficiency for smolts and the 
low numbers of parr captured relative to the numbers captured in previous years. 
Some parr captured in the traps may have been exhibiting only localized movements 
rather than emigrating from the basin. Fin-clipped parr were occasionally captured 
during summer population surveys. This indicates that numbers of emigrating parr may 
have been overestimated. 
Smolt and Juvenile Production From Basin 
No consistent pattern of smolt and migrant parr production was apparent from 1989 
through 1992 (Figure 3.2). Estimated smolt production from the basin ranged from a 
high of 3,881 (± 780 ) in 1990 to a low of 1,845 (± 1403) in 1989. Migrant parr 
production ranged from a high of 8,462 (± 1,417) in 1990 to a low of zero in 1992. 
Total spring emigration of juvenile steelhead trout from Meadow Creek ranged 
from a high of 12,343 (± 1,617) in 1990 to a low of 2,732 (± 376) in 1992 (Table 3.6). 
Parr accounted for about 69% of the total spring emigration from 1989 through 1991. 
Smolts accounted for 100% of spring emigration in 1992 (Table 3.6). 65 
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Figure 3.2 Estimated numbers of smolt and parr emigrating during spring from Meadow 
Creek, Oregon, in 1989 through 1992. Error bars represent 95% confidence intervals. 66 
Table 3.6 Number of smolts and parr emigrating during spring months from Meadow 
Creek, Oregon, from 1989 through 1992. Data for 1988 and 1989 from Boehne (1996). 
(NE = no estimate). 
Year  Smolts  % of Total  Parr  % of Total  Total  95% CI 
1988  NE  NE  NE  NE  NE 
1989  1,845  23.5  6,015  76.5  7,860  2,983 
1990  3,881  31.4  8,462  68.6  12,343  1,617 
1991  2,897  37.3  4,872  62.7  7,769  1,274 
1992  2,732  100.0  0  0  2,732  376 67 
Discussion 
Winter habitat has been identified as a primary factor limiting steelhead trout smolt 
production in Meadow Creek (Everest and Boehne 1989). The instream habitat project 
was designed and implemented in 1990 to increase the amount of structurally complex 
pool habitat in the treatment reach. A 20-year flood extensively modified the habitat 
structures in the spring of 1991. However, significant pool development occurred during 
the flood resulting in project goals being met. 
As the result of trapping difficulties, I do not have the pre- or post-treatment data to 
determine if and how smolt production has changed following the treatment. Data from 
1992 indicate that the majority of parr overwintered either upstream or downstream of the 
treatment reach prior to smoltification. 
I cannot attribute the significantly larger size of smolts captured at the middle trap in 
the post-treatment period to the treatment due to the longitudinal layout of the study sites. 
Smolts captured at the middle trap included smolts that originated from the upper SMR. 
The larger size of smolts in the post-treatment period is probably due to a decrease in the 
number of parr overwintering in the basin. 
Smolts emigrating from Meadow Creek are smaller on average than steelhead trout 
smolts from other Pacific Northwest streams. Mean smolt length for summer and winter 
steelhead trout emigrating from west coast streams is 173 mm (Williams and Mullan 
1992). Smolt to adult survival for steelhead trout is size biased in British Columbia; 68 
larger smolts survive at higher rates than smaller smolts (Ward et al. 1989). Smolt to 
adult survival of Meadow Creek smolts may be low due to their small size. 
A possible explanation for the small size of smolts emigrating from Meadow Creek is 
a shift in age class structure from age 3+ to 2+ smolts due to an increase in water 
temperatures above pre-settlement conditions. Age class structure of coho smolts shifted 
from predominantly age 2+ to 1+ smolts due to an increase in stream temperatures 
following logging in Carnation Creek, Vancouver Island, B.C. (Holtby 1988). A higher 
percentage of juvenile steelhead trout smolt at age 2+ in wanner streams of the mid-
Columbia basin compared to cooler streams where age 3+ smolts predominate (Mullan et 
al. 1992). 
Smolt trapping on Meadow Creek revealed at least two life history patterns of 
juvenile steelhead trout (Table 3.7). (Note: These life history patterns have been 
simplified in Table 3.7 to reflect an age at smolting of two years.) The first life history 
pattern ("spring-migrant parr") emigrate from the basin after rearing through their first 
winter in Meadow Creek. The second life history pattern rears within the basin until 
smoltification occurs at age 2. 
Large emigrations of parr relative to the number of smolts leaving tributary 
streams during spring months occur in Oregon (Bell 1959, Gaumer 1968, Dambacher 
1991, Harkleroad and La Marr 1993), Washington (Leider et al. 1986), and Idaho (Bjornn 
1978, Keifer and Forster 1991) (Table 3.8). Migrant parr make up 48% (Keifer and 69 
Table 3.7 Life history patterns of juvenile steelhead trout in Meadow Creek, Oregon. 
Patterns simplified to reflect an age at smolting of two years. 
Life History  Number of Months  Number of Months 
Pattern  Rear in Natal Stream  Rear in Mainstem  Emigration Period 
Subyearlings  3 -6  18 -24  First fall 
Migrant Parr  9  15  First spring 
Presmolts  15  9  Second fall 
Smolts  24  0  Second spring 
Table 3.8 Composition of spring emigrations of juvenile steelhead trout from tributary 
streams in Washington, Idaho, and Oregon. 
Tributary  Composition 
River  Stream  Parr  Smolts  Source 
S.F. Clearwater, ID  Crooked R.  48%  52%  Keifer and Forster 1991 
Grande Ronde, OR  Meadow Cr.  69%  31%  This Study 
N. Umpqua, OR  Calf Cr.  70%  30%  Harkleroad and La Marr 
1993 
Kalama, WA  Gobar Cr.  86%  14%  Loch et al. 1988 
N. Umpqua, OR  Steamboat Cr.  94%  6%  Dambacher 1991 70 
Forster 1991) to 94% (Dambacher 1991) of spring emigrations from tributary streams of 
the Pacific Northwest (Table 3.8). 
In addition to the two spring-emigrant life history patterns, two fall-migrant juvenile 
steelhead trout life history patterns are present in tributary streams of Oregon (Gamer 
1968), and Idaho (Bell 1959, Bjornn 1978, and Kiefer and Forster 1991) (Table 3.7). Fall 
emigrants are a combination of age 0 juveniles ("subyearlings"), and age 1+ and older 
juveniles ("presmolts"). Presmolts are age 1+ to 3+ juveniles that emigrate from tributary 
streams during fall, over winter in mainstem areas, and then smolt the following spring 
(Bjornn 1978). Fall trapping by the USFS indicates there is extensive movement of 
juvenile steelhead trout within Meadow Creek but data on actual emigration from 
Meadow Creek is inconclusive (Bruce Hanson, PNW Research Station, Corvallis, OR, 
pers. comm.). 
Fall emigration of juvenile steelhead trout from tributaries into mainstem areas is 
related to winter habitat requirements and is predominantly a density-dependent response 
(Bjornn 1971). However, density-independent factors are also involved (Bjornn 1978). 
Causative factors for spring emigration of juvenile steelhead trout from tributaries to 
mainstem areas is less clear (Loch et al. 1988). Spring-migrant parr from Meadow Creek 
have successfully overwintered and are emigrating at a time when habitat for older age 
classes is being vacated by smolts. For a genetic factor to be involved in the movement 
of juvenile steelhead out of Meadow Creek, some migrants must survive and return to 
spawn as adults. 71 
These life history patterns of juvenile steelhead trout present a dilemma for habitat 
management and restoration practices in northeast Oregon. Habitat protection and 
restoration practices have historically focused on tributary streams. Yet, by concentrating 
on tributary streams only one of four life history patterns benefits during its entire 
freshwater rearing phase (Table 3.7). The other three life history patterns depend on 
mainstem habitat for up to 21 months prior to smoltification (Table 3.7). 
Multiple life history strategies in salmonids play an important role in ensuring the 
survival of the species during short-term catastrophic events, and long-term changes in 
habitat conditions (NRC 1996). Fall chinook salmon in the Sixes River, Oregon, exhibit 
five freshwater life history patterns (Reimers 1973). Each life history pattern differs as to 
the spatial and temporal use of freshwater and estuarine rearing habitat. By conserving 
the diversity of life history patterns, the adaptive capacity of salmonids to respond to 
natural and anthropogenic disturbances is conserved (Lichatowich et al. 1995). 
In addition to the importance of conserving life history patterns, restoration of 
depressed steelhead trout runs in northeast Oregon depends in part on reducing freshwater 
mortality rates. Emigration of large numbers of juvenile steelhead trout from natal 
streams may represent a significant contribution to smolt production from large rivers 
(Loch et al. 1988). An estimated 69% of smolts emigrating from the Nicola River, B.C., 
reared in mainstem areas after emigrating from a natal tributary stream (Tredger 1980 
cited in Boehne 1996). 72 
Habitat degradation throughout the Grande Ronde basin may be the main limiting 
factor for the Grande Ronde steelhead trout run (Hooten et al. 1995). Mainstem rearing 
habitat in the upper Grande Ronde River has been severely degraded by past management 
practices (McIntosh 1992). Emigration of juvenile steelhead trout from Meadow Creek, 
and presumably other upper Grande Ronde River tributaries, prior to smoltification may 
represent a significant loss of natural production due to poor mainstem habitat conditions. 
Conclusion 
I could not determine if smolt production from the treatment reach changed in 
response to the instream habitat treatment due to trapping difficulties. A majority of the 
smolts overwintered either upstream or downstream of the treatment reach in 1992. 
Smolts captured at the middle trap were significantly larger in the post-treatment period 
compared to the pre-treatment period. However, the layout of study sites precludes 
attributing the larger size of smolts to the treatment. 
I identified two spring-migrant life history patterns of juvenile steelhead trout: spring-
emigrant parr, and smolts. Migrant parr dominated spring emigrations ranging from 63 to 
77% of spring emigrants. I theorize that two additional fall-migrant life history patterns, 
fall-migrant subyearlings and presmolts, are present based on previous juvenile steelhead 
trout studies in Oregon and Idaho. 
Current habitat restoration efforts concentrate mainly on one life history pattern; 
attempting to increase smolt production from tributary streams. Survival to 73 
smoltification of the other three life history patterns is dependent on mainstem habitat in 
the upper Grande Ronde River. Further research is needed to determine the fate of 
juvenile steelhead trout which rely on rearing habitat in the upper Grande Ronde River. 74 
CHAPTER 4: SYNTHESIS OF RESULTS 
The present condition of Meadow Creek is the result of over 130 years of human 
related activities within the basin. Meadow Creek has been subjected to overgrazing, 
splash dam logging, riparian and upland timber harvesting. Many of the most abusive 
activities occurred prior to the 1940's (Skovlin 1991) yet channel conditions continued to 
decline from 1941 to 1990 (McIntosh 1992). While actual pre-settlement channel 
conditions are unknown overgrazing, splash dams, riparian and upland timber harvesting 
can all cause degradation of streams by changing channel morphology, reducing channel 
complexity and reducing water quality. 
Channel morphology is altered by overgrazing, use of splash dams, riparian and 
upland timber harvesting. Overgrazing leads to channel widening due to trampling of 
banks and loss of vegetation (Armour et al. 1994). Use of splash dams leads to channel 
widening due to flushing flows and battering of banks during log drives (Sedell et al. 
1991). Riparian timber harvesting leads to channel widening due to loss of rooting 
strength once trees are removed from streambanks (Chamberlin et al. 1991). Upland 
timber harvesting leads to channel widening due to increases in the magnitude and 
frequency of peak flows (Chamberlin et al. 1991). 
Channel complexity is reduced by riparian timber harvesting and the use of splash 
dams. Removal of streamside trees during riparian timber harvesting reduces the number 
of trees available to be recruited as large wood within the channel (Chamberlin et al. 75 
1991). Boulders, large wood and other channel features were removed from stream 
channels where splash dams were used (Sedell et al. 1991). 
Water quality is reduced by riparian timber harvesting and overgrazing. Riparian 
timber harvesting (Chamberlin et al. 1991) and overgrazing (Armour et al. 1994) increase 
summer water temperatures by reducing shading of streams. 
Loss of riparian vegetation can also decrease winter water temperatures (Armour et al. 
1994). Streams with wide shallow channels and the lack of riparian vegetation are more 
prone to icing than narrow, well vegetated streams (Swanston 1991). Major ice flows can 
cause streambed scour, redistribution of large wood, and erosion of streambanks 
(Swanston 1991). 
The Meadow Creek stream rehabilitation project sought to increase abundance of 
juvenile steelhead trout due to previous channel degradation by increasing channel 
complexity and heterogeneity in the short-term, and reducing summer water temperatures 
in the long-term. Channel complexity was increased by adding loose large wood and 
heterogeneity was increased by constructing complex pool habitat. Benefits from 
increasing channel complexity and heterogeneity were expected to begin immediately by 
increasing survival rates and reducing the emigration rates of juvenile steelhead trout 
prior to smoltification. 
Summer water temperatures are expected to decrease by eliminating domestic 
livestock grazing. Benefits from reduced stream temperatures are expected to take longer 
to be realized due to the length of time needed for the riparian vegetation to recover. 76 
Preliminary results indicate that channel complexity and heterogeneity in the 
treatment reach were increased following the treatment and a 20-year flood. Though 
most of the structures were heavily damaged during the flood, the interaction of the 
treatment and flood resulted in the creation of pools and habitat complexity at levels 
greater than observed in the upstream or downstream reference reaches. Large wood is 
still actively being recruited in the treatment reach due to the creation of large-scale 
roughness elements trapping natural wood moving down the channel. This is also 
occurring in the upstream reference reach but at a much lower level. 
Whether the increase in channel complexity and heterogeneity will persist is unknown 
because factors influencing channel morphology are still present. Riparian vegetation is 
recovering but full recovery may take up to 15 years (Case 1995). The channel is still 
wide and shallow which increases the susceptibility for major ice flows. Major ice flow 
events may be a dominant event controlling bedform in degraded streams of northeast 
Oregon such as Meadow Creek (Beschta et al. 1991). Ice flows may function as a 
feedback mechanism periodically resetting channels back to riffle dominated conditions 
and reducing bank vegetation and stability even after the original causative factors for 
channel degradation have been removed. The hydrograph of the Grande Ronde River 
still exhibits an altered flow regime, peak flows now occur a month earlier than in the 
early 1900's (McIntosh 1993). 
Despite the increases in channel complexity and heterogeneity in the treatment reach 
there was no increase in the summer rearing densities of steelhead trout parr. Densities 77 
parr were no greater in the treatment reach compared to the reference reaches in 1991 and 
1992. However, parr appeared to redistribute into the more complex habitat created by 
the treatment and flood. Highest densities of parr were found in pools associated with 
washed structures and loose large wood. 
There was an overall declining trend in abundance of steelhead trout parr throughout 
Meadow Creek from 1987 through 1992. This decline coincided with a region-wide 
drought. High water temperatures during this drought may have reduce the carrying 
capacity for steelhead trout parr by increasing the food requirements needed to provide 
energy for metabolism and growth. The end of the drought in the winter of 1992/1993 
may allow separation of a drought affect during the final three years of the post-treatment 
period. The spring flood of 1991 further reduced abundance of parr in 1992 due to high 
mortality of eggs. 
The response of juvenile steelhead trout to the increase in habitat complexity and 
heterogeneity during the winter could not be determine due to trapping difficulties from 
1988 through 1991. In 1992 only three percent of presmolt parr overwintered in the 
treatment reach in spite of the fact that the treatment reach contained 37 percent of the 
complex pools in the mainstem of Meadow Creek. 
The emphasis on increasing smolt production from tributary streams such as Meadow 
Creek may need to be reexamined. Only one of the four life history patterns of juvenile 
steelhead trout present in Meadow Creek utilize Meadow Creek through the entire 
freshwater rearing phase. The other three life history patterns are believed to use the 78 
upper Grande Ronde River for up to 21 months before smolting. The upper Grande 
Ronde River may have historically played a major role in providing rearing habitat for 
juvenile steelhead trout. 
Stream habitat manipulation has been recognized as only a short-term answer at best 
to restoration of Pacific Northwest anadromous salmonid populations 
(Aquatic/Watershed Group 1993). Based my preliminary findings, stream habitat 
manipulation in the form of instream structures did not appear to be an effective short-
term measure for increasing abundance of juvenile steelhead trout in Meadow Creek. 
Factors such as high water temperatures, low stream productivity and a large flood may 
have played important roles in determining juvenile steelhead trout abundance. Benefits 
from structure projects such as the Meadow Creek project may not be realized when other 
equally important factors are not adequately addressed. 
These results are preliminary, however, they do emphasize the complexities 
confronting efforts to restore streams and anadromous salmonid populations in northeast 
Oregon. Short-term habitat restoration efforts have been emphasized because of the large 
recent declines in anadromous salmonid populations. Yet, short-term restoration efforts 
that concentrate on in channel conditions may be doomed to failure because they fail to 
address complex interactions present in freshwater habitats or the effects of activities in 
the basin as a whole. Perhaps it is time to bite the proverbial silver bullet and accept the 
fact that restoration of stream habitat is a long-term effort that will require us to view 
streams within the context of their watersheds. 79 
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APPENDIX
 Table A.1. Pool habitat and large wood in Meadow Creek, Oregon, from 1987 through 1992. (SA = small accumulations, LA = 
large accumulations) 
Large Wood 
Large Wood Distribution (#/km) 
Pools  Volume  % Volume  Mean LA 
Reach  Year  Per km  Area (%)  (m3/km)  Singles  SA  LA  in LA's  Size (m3) 
Reach 1  1987  1.53  3  6.6  1.5  0.0  0.0  0.0  0.0 
1988  3.29  21  8.5  5.4  0.0  0.0  0.0  0.0 
1989  2.80  9  8.9  1.9  0.9  0.0  0.0  0.0 
1990  2.56  5  9.9  5.1  1.5  0.0  0.0  0.0 
1991  2.99  12  1.5  5.5  1.3  0.0  0.0  0.0 
1992  3.28  13  1.8  15.9  2.2  0.0  0.0  0.0 
Reach 2  1987  10.82  41  4.6  1.7  0.0  0.0  0.0  0.0 
1988  8.75  39  3.7  1.5  0.5  0.0  0.0  0.0 
1989  9.80  40  0.0  1.1  0.0  0.0  0.0  0.0 
1990  9.29  24  1.9  0.5  1.0  0.5  81.2  32.1 
1991  10.79  51  0.6  6.2  0.4  0.0  0.0  0.0 
1992  10.87  53  4.2  6.7  2.1  0.8  46.1  22.9 
Reach 3  1987  4.62  14  2.4  1.6  0.0  0.1  9.8  3.2 
1988  6.19  17  23.6  13.0  0.0  0.4  17.6  11.7 
1989  4.02  9  31.7  7.5  1.5  0.8  68.5  26.6 
1990  3.93  11  52.0  6.1  0.8  0.4  59.5  70.7 
1991  7.03  22  57.3  5.6  2.4  0.9  82.1  55.0 
1992  6.14  19  65.3  13.8  1.9  1.3  68.9  34.3 Table A.1. continued 
Large Wood 
Large Wood Distribution (#/lcm), 
Pools  Volume  % Volume  Mean LA 
Reach  Year  Per km  Area (%)  m3/km  Singles  SA  LA  in LA's  Volume (m3) 
Reach 4  1987  3.22  5  14.5  10.2  0.0  0.3  5.0  2.7 
1988  3.19  7  21.3  6.6  0.0  0.0  0.0  0.0 
1989  5.38  7  125.4  35.2  7.1  2.7  72.4  33.7 
1990  4.29  7  71.6  24.6  4.7  2.3  48.5  15.2 
1991  13.20  29  1,397.2  18.2  13.0  17.2  97.5  79.3 
1992  14.47  32  2,818.8  26.7  11.1  18.4  97.2  149.1 
Reach 5  1987  2.47  4  11.6  18.4  0.0  0.0  0.0  0.0 
1988  2.72  4  5.2  19.8  0.0  0.0  0.0  0.0 
1989  4.10  4  67.0  35.9  7.7  16.2  40.7  13.3 
1990  5.28  8  64.2  22.5  6.9  2.5  35.9  9.2 
1991  7.00  15  206.5  18.9  6.5  4.4  83.4  39.0 
1992  7.17  14  537.6  25.2  4.2  5.7  80.0  75.7 
Reach 6  1987  17.03  28  50.8  37.7  1.4  1.7  20.2  6.1 
1988  18.35  32  64.1  43.8  1.4  0  0.0  0.0 
1989  22.67  46  37.0  38.1  4.4  5.9  86.7  113.0 
1990  13.11  23  17.7  24.0  13.6  3.4  66.0  34.3 
1991  26.46  46  89.6  18.1  8.1  7.6  57.3  6.7 
1992  27.00  56  1,194.3  42.6  14.8  5.6  86.1  184.7 Table A.2. Sampling frequencies (%) for steelhead parr abundance in study reaches in Meadow Creek, Oregon, from 1987 through 
1992. 
Reach  Year  Pools (%)  Glides (%)  Riffles (%)  Total (%) 
Reach 1  1987  0  0  0  0 
1988  0  0  0  0 
1989  0  0  0  0 
1990  0  0  0  0 
1991  0  0  0  0 
1992  0  15  11  11 
Reach 2 1987  0  0  0  0 
1988 0 0  0  0 
1989 0 0  0  0 
1990 0 0  0  0 
1991 0 0 0  0 
1992  12 23  8  13 
Reach 3 1987  5  3  2  3 
1988 8 4  2 4 
1989 10  3 2  3 
1990 10  3  3 4 
1991 8 5  3  5 
1992 10  3 4  5 Table A.2. continued. 
Reach
 
Reach 4
 
Reach 5 
Reach 6 
Year 
1987 
1988 
1989 
1990 
1991 
1992 
1987 
1988 
1989 
1990 
1991 
1992 
1987 
1988 
1989 
1990 
1991 
1992 
Pools (%) 
8 
14 
9 
7 
11 
13 
0 
9 
6 
5 
6 
10 
3 
11 
9 
4 
6 
11 
Glides (%) 
8 
0 
3 
9 
10 
16 
3 
6 
2 
4 
9 
7 
7 
3 
5 
4 
9 
15 
Riffles (%)  Total (%) 
7  7 
5  5 
3  4 
2  6 
4  8 
9  12 
4  3 
7  7 
0  2 
2  4 
5  6 
5  7 
4  4 
3  6 
2  5 
4  4 
5  6 
10  12 Table A.3. Abundance of steelhead parr in study reaches on Meadow Creek, Oregon, from 1987 through 1992. (NE = no estimate) 
Areal  Linear 
Reach  Year  Number  95% CI  Density (#/m2)  Density (#/m) 
Reach 1  1987  NE  NE  NE  NE 
1988  NE  NE  NE  NE 
1989  NE  NE  NE  NE 
1990  NE  NE  NE  NE 
1991  NE  NE  NE  NE 
1992  7  12  0.000  0.007 
Reach 2  1987  NE  NE  NE  NE 
1988  NE  NE  NE  NE 
1989  NE  NE  NE  NE 
1990  NE  NE  NE  NE 
1991  NE  NE  NE  NE 
1992  27  29  0.001  0.012 
Reach 3  1987  6,588  1,948  0.063  0.483 
1988  4,567  1,762  0.035  0.325 
1989  5,086  1,842  0.046  0.346 
1990  3,969  702  0.029  0.248 
1991  4,249  1,164  0.029  0.279 
1992  1,088  489  0.010  0.075 Table A.3. continued 
Reach
 
Reach 4
 
Reach 5
 
Reach 6
 
Year 
1987
 
1988
 
1989
 
1990
 
1991
 
1992
 
1987
 
1988
 
1989
 
1990
 
1991
 
1992
 
1987
 
1988
 
1989
 
1990
 
1991
 
1992
 
Number 
1,603 
1,155 
1,295 
817
 
912
 
166
 
2,224
 
1,326
 
1,383
 
1,128
 
1,042
 
323
 
955
 
1,230
 
1,417
 
733
 
645
 
698
 
95% CI 
965
 
937
 
942
 
295
 
183
 
98
 
1,156
 
1,028
 
1,307
 
330
 
552
 
215
 
713
 
1,386
 
1,307
 
670
 
252
 
207
 
Areal
 
Density (#/m2)
 
0.059 
0.036 
0.045 
0.032 
0.029 
0.008 
0.066 
0.037 
0.044 
0.034 
0.031 
0.012 
0.040 
0.065 
0.065 
0.025 
0.032 
0.045 
Linear
 
Density (#/m)
 
0.430 
0.263 
0.317 
0.234 
0.227 
0.046 
0.609 
0.327 
0.354 
0.313 
0.270 
0.080 
0.229 
0.347 
0.309 
0.178 
0.164 
0.194 